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Two Mysteries of Wireless Telegraphy. 


BY ALBERT VAN DER NAILLEN, SR. 


President of the Van der Naillen School of Engineering, San Francisco. 


HEN the successful results of my experiments in 
wireless telegraphy in San Francisco in the 
spring of 1899 were telegraphed all over the 
world by the Associated Press, a technical paper 
published in Paris and which is devoted exclu- 

sively to the electrical science, reproached me quite bitterly 
for having entirely igrored Edouard Branly, Professor of 
Physics of the Catholic University of Paris, the originator 
of the famous ‘‘ Branly tube’’ now so well known by ex- 
perimenters in wireless telegraphy as being one of the 
most sensitive that science 
has yet devised. This form 
of tube is now almost uni- 
versally known as a ‘‘co- 
herer,” but Professor Branly 
prefers that it be called by 
the name first given by him 
—a “radio-conductor.”’ 
The name ‘‘coherer’’ was 
given upon the supposition 
that the filings did actually 
cohere while under the in- 
fluence of the electro-mag- 
netic waves sent forth by 
the transmitter, and that the 
filings, while in that state, allowed the passage of the elec- 
tric current from the battery to the telegraph instrument. 
Professor Branly, however, proved very cotclusively, by 
putting the filings in a very dense dielectric compound, 
that the filings did not actually cohere under the electro- 
magnetic influence, but, through some law as yet un- 
known, did simply permit of the free passage of the 
rays; hence, instead of ‘‘coherer,’’ Professor Branly 
named the tube —and justly so—a ‘‘radio-conductor.”’ 

The fact is that Marconi’s part in the development of 
wireless telegraphy consisted really in very cleverly adapt- 
ing it to more or less practical use, but the receiving tube 
—the radio-conductor—is the invention of Professor 
Branly. 

While in Paris last summer, I determined to call upon 
Professor Branly as an act of conscience, and sent him 
my card asking for an interview. The answer came in 
charming terms that he would meet me at his laboratory, 
Rue Vaugirard, the next morning at ten o’clock, at which 
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hour the Professor received me in the most graceful man- 
ner, and I soon found him to be a most accomplished 
scholar and a gentleman in the fullest sense of the word. 
At the outset he placed his entire laboratory, which is one 
of the finest in France, if not in Europe, at my disposal, 
and I found it to be most complete in every particular 
with apparatus for original research and for instruction in 
the physical sciences. 

‘*But,’”’ said the Professor, ‘‘I am aware that you are 
specially interested in wireless telegraphy, so permit me 
to explain to you the latest achievements I have reached 
in that science.’’ 

How shall I describe the many marvelous scientific 
things which I heard and saw that morning in Professor 
Branly’s laboratory! Were it not that I am now on the 
eve of my departure for Europe again* I might find words 
with which to tell of the wonderful experience; but above 
all that which I might tell would be words of praise for 


the sublime devotion of Professor Branly at the shrine — 


of pure science; how he is utterly blind to the financial 
advantages which his scientific researches might bring 
him; how he has attained to seemingly almost the highest 
eminence that a scientist can reach, yet how unconscious 
he is of it all, and how oblivious he seems to be to the 
wonders that he has accomplished and to the fact that the 
government authorities have been equally as oblivious of 
the necessity of conferring upon him the national cross of 
honor. I, a stranger, have noticed this omission, yet I 
am sure that the well-known modesty of Professor Branly 
has ever prevented him from noticing it himself. His 
whole ambition seems to be to solve the new problems 
that continually arise in his daily investigations — prob- 
lems that are peculiar to his own researches and of which 
others know little. 

Professor Branly placed no restraint on me as to secrecy 
regarding his studies or regarding that which I saw and 
heard in his laboratory, and were my time less limited, I 
could write much concerning his new and most interesting 
work in wireless telegraphy. As it is I can state only 
one or two features concerning it. Of course it is to be 
understood that the experiments which Professor Branly 
performed in my presence were made with the most ap- 


*Prof. Van der Naillen proposes to leave San Francisco for a six-months’ 
trip through Europe and the Paris Exposition on March 2d.—Ep. 
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proved apparatus and all were repeated in many ways 
with convincing thoroughness. As an instance: A radio- 
conductor was placed in a closed cage made of wire netting 
with meshes varying in size from two inches to as fine as 
a wire gauze. In every case such a cage proved to be an 
absolute preventive to the action of the radio-conductor 
in response to the discharges of the induction coil, and 
the cage with a two-inch mesh was as effectual in this re- 
gard as was the one with the fine wire gauze. Next, 
Professor Branly cut the cages with slits which extended 
in a horizontal direction, and one by one he tested them 
with waves produced between the spheres of the trans- 
mitter placed in a horizontal position, but again the cages 
effectually screened the radio-conductor from any and all 
action. But when the two spheres of the transmitter 
were turned one above the other, assuming a vertical po- 
sition, or a position at right angles to the slit which had 
been made in the cages, then the radio-conductor would 
respond as perfectly as though it were in the open. 

‘‘Now,’’ said Professor Branly, ‘‘what is the cause of 
this? Is it a question involving wave lengths, or nodal 
points, or terrestrial magnetism, or what? I, for one, do 
not know, but I will know, sooner or later.”’ 

Does anybody know the reason, let me ask. Can any- 
body explain the phenomena? 

We have been given to understand that in all experi- 
ments in wireless telegraphy, it is necessary to use a 
radio-conductor containing metallic particles or filings, 
the resistance of which when inserted into a local circuit 
decreases in a remarkable degree with each electrostatic 
discharge within range of its sensitiveness.* Professor 
Branly showed me that this belief is fallacious. There are 
many, many conditions or things that can be used as radio- 
conductors, but to my mind the most remarkable is the 
Branly radio-conductor composed of steel spheres, which 
is diagrammatically illustrated in the accom- 
panying sketch. It consists merely of a glass 
tube containing polished steel balls or spheres 
and fitted at each end with metallic terminals 
from which contact wires are led so that the 
radio-conductor may be cut into the local 
circuit precisely as with the ordinary ‘‘co- 
herer.’’ ‘These steel balls are in hard me- 
tallic contact with each other as are they 
also with the metallic terminals, and to bring 
them into still closer contact, a pressure of 
as high as twenty-five pounds is applied upon 
the upper terminal in the manner shown. 
These steel spheres vary in diameter in 
different-sized tubes from one-quarter of an 
inch or even less, up to one inch, without 
affecting the slightest change in results, and in every case 
such steel sphere radio-conductors respond to electrostatic 
discharges as perfectly and in precisely the same manner 
as do the best and most approved radio-conductors. 

The same experiment when performed with spheres 
made of brass proved to be a failure as the brass spheres 








*The fundamental principles of wireless telegraphy are described in Vol. 
VIII, page 100, of the JoURNAL, October, 1899, 
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do not form a radio-conductor owing to the fact that the 
contact between the spheres is such that it permits the 
current to pass without intermittance. There are several 
other metals which Professor Branly calls mozs¢ metals, 
that act similarly to brass, while the metals which are 
able to form radio-conductors—of which steel is one of 
the best—he calls dry metals for the sake of distinction. 

And, referring again to Professor Branly’s steel sphere 
radio-conductor, I humbly repeat his almost pleading in- 
quiry: ‘‘Why is this; can no one tell me?”’ 


Distribution 


THE POLYPHASE INDUCTION MOTOR.* 
BY RALPH D. MERSHON. 


O many men in electrical work the induction motor is an 
object of more or less mystery. Of the theory of the direct- 
current motor they have at least the knowledge which 

enables them to successfully use and care for that piece of appa- 
ratus, but of the action of the induction motor they know little. 
Even in the case of many who have had experience in the opera- 
tion of induction motors, the knowledge of such a motor is limited 
to the fact that when in order and properly connected to its circuit 
it runs and carries its load. This condition of affairs is largely 
due to the fact that most discussions of the theory of the induc- 
tion motor involve more or less of mathematics or complicated 
diagrams, which are not especially interesting or agreeable to 
many. Besides, such discussions rarely furnish a basis for a work- 
ing theory, which, above all, the practical man is after. 

I shall endeavor to take up the salient points in the theory of 
induction motor in a way which will involve neither mathematics 
nor complicated diagrams, and which will furnish the basis of a 
practical working theory —such a theory as is sufficiently com- 
plete for those not actually designers of this class of apparatus. 

You are doubtless familiar with the 
experiment due to Arago, which is 
illustrated in Figure 1. D is a disk 
of copper free to revolve upon a jew- S 
eled bearing at its center. NV Sisa — t 
bar magnet suspended over the disk. 
If now the magnet be made to revolve : 
about its point of suspension, the disk B D 
will also begin to revolve and will 
finally acquire a speed approaching, 
but not equal to, that of a magnet. 

If, instead of revolving the magnet, 

we revolvethe disk, the magnet will 

acquire a speed approaching that of Provan 1. 
the disk. 

Let us inquire into the cause of these actions. We know that 
if a conductor be moved across a magnetic field, or, what amounts 
to the same thing, if the magnetic field be moved so as to sweep 
across the conductor, the conductor will have generated in it an 
electromotive force. If the conductor form a part of a closed 
circuit, this electromotive force will cause a current to flow in the 
circuit, the strength of the current depending upon the magnitude 
of the electromotive force and the resistance of the circuit. We 
have in Figure 1 the magnetic field, that due to the magnet 1S, 
and the disk, which, being made of copper, is a conductor. By 
revolving one of the elements, either disk or magnet, we cause 
the conductor to cut lines of force. There is, generated in the 
conductor, the disk, an electromotive force, or, rather, electromo- 
tive forces, and if these electromotive forces can find closed circuits 
in the disk currents will flow. There are in the disk an indefinite 
number of closed circuits, as an inspection of Figure 2 will show. 

















*Paper read before the Northwestern Electrical Association, at Milwaukee, 
January 18, 1900, 
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Here we are looking down upon the magnet and disk of Figure 2, 
and the magnet is supposed to be rotating at a uniform speed in 
the same direction as the hands of a watch. At any given instant 
we inay suppose that there exist in the disk the four elementary 


circuits, 41, A2, 41, £2, shown in Figure 2. These are the cir- 
cuits with which we are concerned at a given instant. At the next 
instant we must consider four other elementary circuits, slightly 
displaced from those shown in Figure 2, in the direction of the 
rotation of the magnet, because as the magnet rutates it changes 
its position with reference to the disk, affecting successively dif- 
ferent portions of the latter. The disk may, therefore, be con- 
sidered as being made up of an indefinite number of overlapping 
circuits, four of which may be considered as active at the instant 
when the magnet bears the relation to them, which in Figure 2 it 
bears to the circuits 41, A2, 41, 22. Those portions of the cir- 
cuits 41, A2, #1, #2, which are lying immediately below the 
magnet, are being cut by lines of force and are having, therefore, 
electromotive forces generated in them. These electromotive 
forces and the currents due to them in the elementary circuits are 
in the direction shown by the arrows. It should be noted that, if 
by any means, the disk be made to rotate at the same speed as the 
magnet, the relative position of disk and magnet will not change, 
and there will be, therefore, no electromotive force generated and 
no current will flow. 

So much forthe currents in the disk. The next question is, 
why should the generation of these currents by the rotation of 
the magnet cause the disk to rotate? In order to explain this let 
us recall Lenz’s law. This law states that if the number of lines 
of magnetism in a coil of wire orin any closed circuit be changed, 
there will be generated in that circuit, while the change is taking 
place, a current which will have such a direction as will tend to 

oppose the change producing 
N it. That is to say, if a magnet 
be thrust into a closed coil, or, 
if being in the coil, it be with- 
drawn, a current will be gener- 
ated which will oppose the 
motion. In the second case, 
where the magnet is withdrawn 
from the coil, the current will 
be in such a direction as will 
tend to hold the magnet in the 
coil, or, what amounts to the 
same thing, as will tend to move 
the coil after the magnet. In 
the first case, the current will 
tend to keep the magnet from 
entering the coil, or to push the 
coil away from the magnet. The 
magnet need not, however, be 
actually thrust into the coil. It may be merely brought up into 
the neighborhood of it, providing its lines of force cut the coil. 
Further, it does not make any difference how or from what direc- 
tion the magnet is brought up to the coil, whether from one side 
or whether along the axis of the coil. So long as its lines of force 
cut the coil, every movement of the magnet will be accompanied 
by the generation of current, which will tend to oppose its move- 
ment. 

In the elementary circuits, shown in Figure 2, the magnet is 
just leaving the circuits 41 and A2 and just coming over the cir- 
cuits Bt and #2. The former circuits have generated in them 
currents which tend to keep the magnet from moving away from 
them; that is, currents which tend to pull the circuit after the 
magnet. The latter circuits have generated in them currents 
which tend to keep the magnet from coming over the circuit; that 
is, currents which tend to push the circuits ahead of the magnet 
in its motion. The result is a tendency toward rotation of the 
disk, and, if free to move, it will rotate. The faster the disk ro- 
tates, that is, the more nearly it approaches the speed of the rotat- 
ing magnet, the less will be the relative speed of the magnet and 
disk, and consequently the less will be the speed at which the 

















FIGURE 2, 





THE JOURNAL OF ELECTRICITY, POWER AND GAS. 31 





lines of force due to the magnet will cut the disk. But the elec- 
tromotive force and, therefore, the current generated in the disk, 
diminishes as the rate of cutting of lines of force diminishes. 
Therefore, the currents generated in the disk will be less as the 
relative speed of the magnet and disk diminish. That is, the 
more nearly the speed of the disk approaches that of the magnet 
the weaker will be the currents generated in the disk. The weaker 
the currents are in the disk the less the torque or drag which the 
magnet exerts on the disk to keep it in rotation. Starting from 
rest, therefore, the disk will gradually increase in speed until the 
torque or drag exerted on it by the magnet is just equal to that 
necessary for overcoming the friction of rotating the disk. 

It is clear that the disk can never attain the same speed as the 
magnet, but must run at a somewhat lower speed. Its speed must 
be enough lower so that the rate at which the lines of force due 
to the magnet cut the disk will produce currents of sufficient 
strength to give the torque necessary for overcoming friction. It 
follows that if, having attained a steady speed, the disk have its 
friction inc.eased by any means, its speed will fall to such a point 
that the currents generated in it are just sufficient to produce the 
torque necessary for the increased friction load; and, on the con- 
trary, if, having attained a steady speed, the friction be diminished 
the disk will speed up until the currents induced in it are dimin- 
ished to such a value as is just sufficient to produce the torque 
necessary for the decreased friction load. 

So far, we have considered a rotating magnetic field obtained 
by actually rotating a magnet; but it is clear that, so far as the 
disk is concerned, it makes no difference how the rotation of the 
magnetic field acting upon it is produced. The actions discussed 
above will be produced by any rotating field, and if we can pro- 
duce such a field by any other means than that of actually rotating 
a magnet, we should expect the disk to be affected in precisely 
the same way as it is by the rotating magnet. 

Consider the four-pole field as shown in Figure 3. Suppose the 
poles 41, A2 and #1, 42 are wound with coils by passing current 
through which the poles may be magnetized. Suppose now the 
poles 41 and A2 be magnetized, Ar being made a north pole and 
A2asouth pole. There will then be produced a magnetic field 
between the poles A1 and A2 as shown by the dotted lines in 
Figure 3. Suppose now the current magnetizing the poles A1 


-and A2 to continue flowing, and the poles 41 and #2 be magnet- 


ized so that /1 is a north pole and 42a south pole. The magnetic 
lines will then pass from the north pole Ar to the south pole 42, 
and from the north pole 41 to the south pole A2, as shown in 
Figure 4. Suppose again that the current magnetizing the poles 
At and A2 be broken and that magnetizing 71 and #2 to continue 
flowing. Then the magnetic lines will pass between #1 and 22 
only, asin Figure 5; #1, as stated above, being a north pole and 
#2 a south pole. 

Consider now what has happened in Figures 3, 4 and 5. We 
started with A1 a north pole and A2 a south pole in Figure 3. In 
Figure 4 Ar and /1 were north poles and A2 and £2 south poles. 
In Figure 5 41 was anorth pole and £2 a south pole. The mag- 
netic field has been shifted from A1, A2 to 41, #2, one-quarter of 
a revolution, in a way somewhat similar to that which it would be 
shifted if a magnet were rotated from the position 41, A2 to the 
position 1, #2. The comparison would be still more nearly 
identical if the magnetizing current of 41, A2 were gradually de- 
creased from its maximum yalue to zero, and that of 41, #2 grad- 
ually increased from zero to its maximum value, instead of being 
changed suddenly by making and breaking the circuit as described 
above. If these changes were made gradually Figure 4 would 
represent the condition where the current magnetizing A1, A2 
had diminished from its maximum value to a certain value inter- 
mediate between its maximum and zero, and the current magnet- 
izing 41, 22 had increased from its zero value until it had the 
same strength as the decreased current magnetizing 41, A2. In- 
creasing and decreasing the currents gradually in this way would 
cause the condition which holds in Figure 3 to merge gradually 
into that of Figure 4, and the condition which holds in Figure 4 
to merge gradually into that of Figure 5, instead of being attained 
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by jumps, as would be the case if the currents were simply made 
and broken, as at first described. It is evident that by continuing 
this procedure the magnetic field may be made to rotate contin- 
uously around the space included between the poles 41, 41, A2, 
#2. Following this out for another quarter revolution from the 
point shown in Figure 5, 41 would next become a south pole and 
A2 a north pole, the strength of the two poles gradually increas- 
ing, while that of At and #2 was decreasing, until 41 and A2 
were equal north poles and A1 and #2 were equal south poles. 
The increase in the strength of Ar and A2 and the decrease in 
the strength of #1 and #2 would continue until 41 and #2 were 














FIGURE 3. FIGURE 4. 


not magnetized at all and Ar and Az had attained their maximum 
strength, but in the opposite direction to that shown in Figure 3. 
That is, 42 would now be a north pole instead of a south pole, 
and A1 would be a south pole instead of a north pole. These 
variations in magnetizing force have caused a more or less gradual 
rotation of the magnetic field produced by the poles 41, A2, AI 
and #2, in a manner similar to that rotation which would be ob- 
tained if a permanent magnet were rotated so as to influence the 
space included between these poles. 

So far we have assumed that the currents producing these mag- 
netizations are direct currents, whose values, controlled by rheo- 
stats or otherwise, are made to vary between zero and a certain 
maximum, and from this maximum to zero again, at which point 
the connections are reversed and the current then increased to its 
maximum value in the opposite direction. It is not necessary, 
however, to use direct currents manipulated in this laborious 
fashion, as a two-phase alternating-current generator will supply 
currents which will pass through precisely the same values as those 
which we have supposed the direct currents to pass through. 

Figure 6 shows two curves, which may be taken as representing 
the currents supplied by the two circuits of the two-phase gener- 
ator. The significance of Figure 6 is as follows: Points on the 
line XY X represent different positions of the generator armature 
producing the currents whose curves are A and &, just as points 
on the horizontal line in a steam-engine-indicator diagram repre- 
sent different positions of the piston. The lengths of the lines 
3, 4, 5, ete., represent the strength of the current flowing for the 











FIGURE 6, 


position of the armature to which they correspond, just as in an 
indicator diagram vertical lines represent steam pressure for the 
positions of the piston to which these lines correspond. For in- 
stance, the length of the line 7 represents the strength of current 
flowing in one direction, which we will call the positive direction, 
in the circuit of curve A, while the line 7 represents the strength 
of current flowing in the opposite or negative direction in the 
circuit of 4. Similarly, the lines of 5 and 9 represent positive 
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and negative currents in the circuit of &. Some lines, such as ¢ 
and 5, represent currents in both of the circuits. These lines 
must be considered as made up of two superposed lines, one for 
the circuit of 4 and one for the circuit of ZB. 

Referring again to Figures 7, ¢ and 5, suppose that the poles 
Ai, A2 are magnetized by the current represented by the curve 
A, and that 41 and #2 are magnetized by the current of the curve 
B. Suppose, that when the current of the curve 4 has a positive 
value, its direction in the coils magnetizing 41, A2 is such as to 
make Art anorth pole and A2 a south pole. Then when the cur- 
rent of curve 4 has a negative value, Ar will be a south pole and 
A2anorth pole. Similarly, when the current of curve Z is posi- 
tive, #1 will be a north pole and 42 a south pole, and when the 
current is negative, 41 will be a south pole and #2 a north pole. 

Now, if we carefully follow out the values of the currents in 
circuits of A and # and their resultant magnetizations, we will 
find that the magnetizations pass through the same changes as 
those which were described above in the case of the direct current. 
For instance, when the generator armature is in such a position 
that the curves A and # have the values shown by the line 3 in 
Figure 6, the magnetization in the four-pole field will be that of 
Figure 3, since, as Figure 6 shows, the current at this instant in 
circuit 4 has a positive value equal to the length of the line 3, 
while the current in circuit B is zero. When the position of the 
generator armature is such that the currents in the circuits 4 and 
# are those shown by the line ¢ in Figure 6, the magnetization in 
the four-pole field is that shown by Figure 4, since, as Figure 6 
shows, the currents in the circuits 4 and #2 are equal and both 
positive, each being equal to the length of the line 7. The line 5 
in Figure 6 represents the current conditions for Figure 5, since 
the current in circuit # has risen to a positive value equal to the 
line 5, while the current in circuit 4 has fallen to zero. 

















FIGURE 6. FIGURE 7. 


By continuing these steps we will: find that by the time we have 
gotten to line 77 of Figure 6 we shall have made a complete rota- 
tion of the magnetic field and arrived again at the condition of 
Figure 3. For instance, line 6 of Figure 6 represents the condi- 
dition where the currents in circuit B and circuit 4 are equal in 
values, but while that in 2 is positive, that in 4 is negative, which 
corresponds to the condition where #1 and A2 axe north poles and 
and A1 and 42 are south poles. Line 7 of Figure 6 shows that 
for the position of the generator armature at that instant the cur- 
rent in the circuit 4 has attained its full value, but in the negative 
direction, so that while 41 and Az only are magnetized as in 
Figure 3, A1 is a south pole and A2 a north pole; whereas, at the 
beginning, Ar was a north pole and 42a south pole. Line 8 of 
Figure 6 shows that both of the currents in the two circuits are 
equal, but both negative. 

The four-pole field shown in Figure 3 will, therefore, if it have 
its poles properly wound with coils to which are supplied two- 
phase alternating current, produce a rotating magnetic field. If 
in this field we place a closed conductor, free to rotate, we should 
expect it to behave as does the copper disk above described, in the 
presence of the rotating magnet. If in this field we should place, 
instead of an armature, a solid copper cylinder provided with 
suitable shaft and bearings, we should expect this cylinder to ro- 
tate and to be capable of carrying more or less load as a motor, 




















RT eT 








February, 1900] 


If, however, instead of the solid copper cylinder, we place in the 
field of Figure 3 an iron cylinder, properly mounted on a shaft and 
bearings and having logitudinal holes or slots at its periphery in 
which are wound short-circuited coils, or in which are placed 
copper bars short-circuited by rings at each end of the iron cylin- 
der, the result obtained will be better than that in the case of the 
copper cylinder, since the iron cylinder will furnish a better path 
for the lines of force. 

Let Figure 7 represent a motor constructed in this way. F is 
the four-pole field, which, since it is acted upon by alternating 
currents, must be laminated, and a is a laminated iron cylinder 
provided with a shaft and bearings (not shown). 4, 4, 4, etc., are 
copper bars placed in longitudinal slots in the periphery of the 
cylinder a, which we will call for the present the armature. The 
terms armature and field will, for the present, be used in describ- 
ing these two elements, although, as will be shown later, it were 
better to use the terms primary and secondary. The copper bars 
6 6 b are short-circuited at each end of the armature by a ring, 7, 
to which they are soldered or bolted. We have now a two-phase 
induction motor, which will behave in a good deal the same way 
as the copper disk which has been discussed. 

Instead of the elementary circuits shown in Figure 2, we have 
the copper bars and the closed circuits which they make through 
the end ring, and instead of the rotating magnet we have a rotat- 
ing magnetic field produced by alternating currents. Suppose 
the armature @ to be at rest. On closing the switches which con- 
nect the windings of the field “ with the two-phase generator, a 
rotating field will be produced, which will induce currents in the 
closed circuits formed by the bars and the short-circuiting end 
rings of the armature a, and these currents will have such a direc- 
tion as will tend to overcome or nullify the motion of the magnetic 
field producing them. That is, the direction of these currents 
will be such as will tend to produce a rotation of the armature a, 
which, if left free to move, will begin to rotate and gradually in- 
crease in speed of rotation, until its speed approaches that of the 
rotating field which is sweeping around the interpolar space of the 
four-pole field F. 

As in the case of the disk and rotating magnet, the final speed 
to which the armature settles down will depend upon the friction 
of its bearings. The greater the speed which it acquires the less 
will be the relative speed between it and the magnetic field, and 
consequently the weaker will be the currents iuduced in the short- 
circuited winding. Its speed will, therefore, as in the case of the 
disk, increase to the point where the difference between its speed 
and that of the rotating field induces currents of strengh just suf- 
ficient to produce a torque necessary for overcoming friction. If, 
by means of a pulley and belt, the armature be made to carry 
load, it will slow down to such a point that the difference between 
its speed and that of the rotating field is sufficient for the genera- 
tion in the short-circuited winding of currents of sufficient strength 
to produce the torque necessary for carrying the load. 

The difference between the speed of the armature a and that of 
the rotating field is generally designated as the “slip’’ of the 
motor, and the statements made above may be more concisely put 
by saying that for a given motor the amount of slip will depend 
upon the load carried by the motor, being greater as the load is 
greater and diminishing w‘ien the load diminishes. In commercial 
motors the slip is not quite proportionate to the increase in load. 
It increases somewhat: more rapidly for a given increase of load 
when the motor is heavily loaded than when it is lightly loaded. 
The departure from proportionality is not, however, in a good 
motor, great, between no load and the load for which it is rated. 
Note that in the case of the motor, as in the case of the disk, the 
slip can never become zero; that is, the speed of the armature can 
never become equal to that of the rotating field, because even 
with no external load there must be a great enough slip to generate 
in the armature a currents of sufficient strength to produce the 
torque necessary for overcoming friction. 

From what has gone before it is clear that the speed of the 
armature a is equal to the speed of the rotating field less the slip. 
Let us see on what the speed of the rotating field depends. 
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Refer to Figure 6, representing the: two-phase alternating cur- 
rents supplied to the motor. It has been shown that in passing 
from the values of the currents shown by the line 7 to the values 
indicated by the line 77, the rotating field is caused to make one 
complete revolution. Now from line 3 to line 77 is one complete 
cycle or period. The current 4 has started with a positive maxi- 
mum value at 3, fallen to zero at 5, attained the negative maximum 
at 7, fallen to zero at 9, and finally attained at 77 a positive maxi- 
mum equal to that at which it started. The current 2 has started 
at zero at 7, attained a positive maximum at 5, fallen to zero at 7, 
reached a negative maximum at 9, and finally fallen to zero at 77. 
The zero value of # at 77 differs from that at 7 in that at 77 the 
value of # is changing from negative to positive, as it was at 3, 
whereas at 7 the value of 2 is changing from positive to negative. 
In other words, both of the curves have started from certain 
respective values at 7 and returned again to those values at 7. It 
is clear, therefore, that a complete cycle causes one complete rota- 
tion of the magnetic field in such a motor as is shown in Figure 3. 
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Now, in such a motor each circuit from the generator supplies 
current to a pair of poles. The circuit in which the current 4, 
Figure 6, ows, magnetizes the poles 41 and Az. The circuit in 
which the current 4 flows magnetizes the poles #1 and Bz. There- 
fore, in a two-phase motor which has a pair of poles for each 
circuit of the two-phase generator supplying the motor, there is 
one complete rotation of the magnetic field for each cycle of the 
alternating current supplied to it. If such a motor is supplied 
with alternating currents having a frequency of 60 cycles per 
second, or 3600 cycles per minute, the magnetic field will rotate at 
3600 revolutions per minute. If it is supplied with a current hav- 
ing a frequency of 25 cycles per second, or 1500 cycles per minute, 
the field will rotate at a speed of 1500 revolutions per minute. 

The speeds above given are those of the rotating magnetic 
field. The corresponding speeds of the motor itself when loaded 
are equal to the speeds given, diminished by the slip of the motor 
at full load. If the full-load slip of the motor were in each case, 
say, 10 per cent., then each of the above speeds would have to 
be diminished by to per cent., in order to arrive at the full-load 
speed of the corresponding motor. In commercial motors the 
slip at no load is so small; that is to say, the no-load speed is so 
nearly that of the rotating magnetic field that the speed of the 
field is generally given as that of the motor at no load, 
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The above gives the method of obtaining the speed of the mag- 
netic field for a motor having one pair of poles for each of the 
circuits supplying it. What will be the speed in a motor having 
a greater number of pairs of poles to each circuit? In Figure 3, 
starting with 41 a north pole and 42 a south pole, B1 and /2 
having no magnetization, when 41 has become a south pole and 
A2anorth pole, #1 and 42 having fallen to zero, the magnetic 
field has swept through 180 degrees or half a revolution. That is 
to say, when in a motor such as Figure 3, a pole 41 magnetized 
by one circuit has interchanged its sign and value of magnetiza- 
tion with the next succeeding one, Az, of the poles magnetized 
by the same circuit, the magnetic field has made half a revolution, 
because these two poles are just a half a revolution apart. If, 
however, there are more than two poles to each circuit, when 
successive poles of the same circuit interchange their values the 
magnetic field will not have made one-half a revolution, because 
successive poles of the same circuit will not be a half revolution 
apart. 

Take the case of an eight-pole field, two pairs of poles — that 
is, four poles— being magnetized by each of the two-phase circuits. 
In this case adjacent poles of the same circuit are go degrees, in- 
stead of 180 degrees apart. Therefore, when successive poles of 
the same circuit have interchanged their signs the magnetic field 
will have swept through only go degrees instead of 180 degrees, or 
through one-half the angle which it would in Figure 3. Since, in 
Figure 3, having one pair of poles to each circuit, a complete 
cycle produces a complete revolution of the magnetic field, in the 
case of a motor having two pairs of poles to each circuit, a coim- 
plete cycle of the current will produce only half a revolution of 
the magnetic field. 

Similarly, in a twelve-pole frame —that is, one in which there 
are three pairs of poles for each circuit—an interchange of the 
signs of the adjacent poles of the same circuit will mean only 
one-sixth of a revolution of the magnetic field, instead of one- 
half a revolution, as in Figure 3, and a complete cycle of the 
currents supplying the motor will mean, therefore, only one-third, 
instead of a complete revolution. 

It appears that we may find the speed of rotation of the mag- 
netic field in a given motor, if we know the frequency of the 
currents supplied to the motor and the number of poles supplied 
by each circuit. The speed of rotation of the magnetic field will 
be equal to the frequency of the currents divided by the number 
of pairs of poles supplied by each circuit. For instance, in the 
case of a twelve-pole frame — that is, a field having six poles or 
three pairs of poles to each circuit, the speed of the rotating field 
with alternating currents having a frequency of 60 periods per 
second, or 3600 periods per minute, will be 20 revolutions per 
second, or 1200 revolutions per minute. Although so far only a 
two-phase motor has been treated, this rule for obtaining the speed 
of the magnetic field will apply to either two-phase or three-phase 
motors. Although the description given of the action of the in- 
duction motor assumes that the rotating field is produced in the 
stationary element, this is not necessarily the case. Instead of 
the construction shown in Figure 7, the rotating member might 
receive, by means of slip rings, the currents from the line and 
have the rotating field produced in it. The short-circuited wind- 
ing would then be on the stationary element. The performance 
of such a motor would be precisely the same as that which has 
been described. The rotating field would still act in a direction 
to drag the short-circuited member after it, but since the member 
producing the rotating field is the movable one, the result would 
be a forcing of the movable member around in a direction oppo- 
site to that in which the magnetic field rotates. 

The statement was made above that the terms ‘‘armature”’ and 
‘‘field,’’ as applied to the two elements of the induction motor, 
were incorrect. Consider what these two terms signify. The 
armature of a direct-current motor is that element of the motor 
in which an electromotive force is generated; the field of the 
direct-current motor is that element in which no electromotive 
force is generated. This criterion, when applied to the induction 
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motor, shows that neither element is either armature or field, for 
both have electromotive forces generated in them. In Figure 7 
the stationary element, when fed with alternating currents, has a 
counter electromotive force generated in it, just as does an alter- 
nating-current transformer, and, as we have seen in the discussion 
of Figure 7, the rotating element also has generated in it an elec- 
tromotive force, to which is due the currents in the short-circuited 
winding. Neither will it do to call the rotating element ‘‘arma- 
ture’’ and stationary element ‘‘field,’’ for just as the armature of 
a direct-current machine may be stationary and the fleld rotate, 
so we may interchange the functions of the rotating and stationary 
elements of the induction motor. 

By far the best course is to consider the induction motor as a 
transformer. In this case the element connected to the line is the 
primary (rotating or stationary, as the case may be) and the other 
element, the one in which currents are induced, is the secondary 
(stationary or rotating). What has been heretofore designated as 
the field in Figures 3, 4, 5 and 7 is now the stationary primary; 
the rotating element is the rotating secondary. Let us look into 
the question of the induction motor as a transformer. In Figure 
7, first consider the rotating secondary a, formerly the armature, 
as held so that it cannot rotate. The rotating magnetic field will 
induce alternating currents in a short-circuited winding. Now, 
some of these closed circuits are directly opposite the poles 41, 
A2, and will affect these poles and the windings upon them, just 
as the currents induced in the secondary of a single-phase trans- 
former influences the primary of the transformer. Similarly, 
some of the closed circuits are directly opposite the poles /1, 42 
and bear toward them the relation of secondaries. Some of the 
closed circuits are influenced by and exert influence on both sets 
of poles and have on each set of poles only part of the effect that 
they would have if opposite one or the other of the two sets. The 
result, however, so far as the electrical actions and reactions be- 
tween the primary and secondary of the motor are concerned, is 
the same as though we considered the two pairs of poles, 41 and 
A2 and /1 and #2, as being single-phase transformers, each hav- 
ing an equivalent short-circuited secondary, whose action on its 
primary is the same as that of the closed circuits of Figure 7 on 
the pairs of poles 41, 42 and #1, 72. 

If all the circuits of the short-circuited secondary of Figure 7 
should be open-circuited so that no current could flow in them, it 
would be equivalent to opening the secondary circuits of the two 
transformers. The current which would then flow in each of the 
primaries of the transformers would be simply the current neces- 
sary to magnetize the transformer and to supply the power lost in 
the iron by hysteresis and eddy currents. If the circuits of the sec- 
ondary of Figure 7 should be short-circuited again, it would be 
equivalent to short-circuiting the secondaries of the two transfor- 
mers, in which case there would be drawn from the line by the 
primary of each transformer a current in addition to the magnet- 
izing current, the additional current being that necessary to com- 
pensate for the current flowing in the secondary. 

If now the secondary of Figure 7 be allowed to rotate, the elec- 
trical conditions change from those having place when the motor 
is at rest. In the first place, as has already been pointed out, the 
electromotive force generated in the secondary diminishes, hence 
also the current diminishes; in the second place, the currents 
flowing into secondary generate, by virtue of the rotation of the 
conductors in which they flow, an electromotive force in the pri- 
mary. This electromotive force generated in the primary corres- 
ponds to the counter electromotive force of a direct-current motor, 
and it is against it that the primary current does the mechanical 
work of the motor. 

Comparing, again, the motor of Figure 7 to two single-phase 
transformers, the conditions when the motor is allowed to rotate are 
as though we had included in the secondary Circuit of each trans- 
former a laminated motor, series-wound, as for direct current, but 
run, of course, by the alternating current from the transformer. 
When the two series-wound motors are held so they cannot rotate, 
and the secondary circuits of the transformers are closed through 
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them, we have a condition similar to that when current is thrown 
on the primary of Figure 7, the secondary circuits being closed, 
but the secondary held so that it cannot rotate. When the two 
series motors are allowed to rotate, we have a condition similar to 
that when the secondary of Figure 7 is allowed to revolve; that 
is, the currents in the secondaries of the two transformers are 
diminished and a counter electromotive force is introduced through 
which mechanical work is done. The slip, or fall in speed, of the 
induction motor corresponds to the drop, or fall in voltage, of a 
static transformer. 

So far, we have treated the induction motor only as a constant- 
speed motor, one which carries its load at constant or approxi- 
mately constant speed, but it is possible to adopt it to variable 
speed work also. In the practice of the present day, it is usual to 
vary the speed of induction motors in either one of two ways. 
One of these is to vary the voltage impressed upon the primary of 
the motor; the other is to introduce resistance into the secondary 
circuits of the motor. The first method is used in the case of a 
motor having a stationary primary and a rotating secondary of 
the so-called ‘“‘squirrel-cage’’ type, similar to that crudely illus- 
trated in Figure 7, and consisting of bars laid in longitudinal holes 
or slots in a cylinder of laminated iron, the bars being permanently 
short-circuited at each end by metal rings having a resistance 
whose value is properly proportioned for the work which the motor 
is todo. Such a motor has, of course, no sliding contacts, and 
the construction of its secondary is such as to enable it to with- 
stand a great deal of hard usage. The impressed primary voltage 
is varied by means of transformers, the voltage being raised or 
lowered until the proper speed has been attained by the motor. 

The second method is used in connection with a motor having 
slip rings on the rotating element. As previously mentioned, the 
rotating element may be either primary or secondary. 

In the former case, the slip rings serve to connect the primary 
windings with the line. In the latter case the slip rings furnish a 
means of introducing resistances into the secondary circuits. This 
resistance is in form of a suitable rheostat, so that the amount of 
resistance included in the secondary circuits may be varied. 

The theory of the speed variation attained by either of the out- 
lined methods will be clear on considering what has been pre- 
viously discussed. Take the case of speed variation by varying 
the impressed primary electromotive force. Suppose the motor 
of Figure 7 were carrying at a given voltage and at some speed 
less than its no-load speed a load of constant torque. Suppose, 
now, the voltage impressed upon the motor be increased. We 
know that in a transformer an increase of voltage means an in- 
crease of magnetization in the transformer core. This will be the 
case in the motor also. By increasing the primary voltage the 
strength of the rotating magnetic field will be increased. But a 
strengthening of the rotating field will cause an increase in the 
electromotive force generated in the secondary, and consequently 
an increase of the current in the closed circuits of the secondary. 

Now the increased secondary currents mean an increased torque, 
so that, since the torque of a load is constant, the motor will 
speed up, thus diminishing its slip, and consequently, the strength 
of the currents in the secondary. The slip will continue to di- 
minish; that is, the speed will continue to increase, until the 
secondary currents fall back to the values which they had before 
the primary electromotive force was changed. That is, they will 
fall back to a value just sufficient to produce the torque necessary 
for carrying the load. If, on the contrary, the primary electro- 
motive force, instead of being increased, were to be diminished, 
the speed of the motor would fall. 

For a given load there will be a speed corresponding to each 
voltage impressed upon the motor, the speed increasing or dimin- 
ishing when the voltage increases or diminishes; but no matter 
how high the voltage be raised, the speed can never quite equal 
that of the rotating field, although, as has been previously ex- 
plained, it may approach it very nearly. The speed of the rotat- 
ing field is the limiting speed of the motor to which the motor 
speed made be made to approach closely, either by greatly increas- 
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ing the motor voltage with a given load or by making the load 
upon the motor very light. 

When resistance is introduced into the secondary of a motor 
carrying a load of constant torque, the speed diminishes because 
the introduction of the resistance decreases the secondary current. 
The speed will fall until the slip, and, therefore, the secondary 
electromotive force increases to such a point that the value of the 
secondary currents is the same as before the resistance was cut in. 
With a given load, the greater the resistance the less the speed, 
and the less the resistance the greater the speed up to the no-load 
speed of the motor. 

The methods described for controlling variable-speed induction 
motors are also used in starting constant-speed motors. Such a 
method of starting not only avoids an excessive torque at the in- 
stant of starting, but keeps down the starting current, accom- 
plishing the same result as is attained by the use of a starting 
rheostat in the armature circuit of a direct-current shunt motor. 
Indeed, the behavior of an induction motor whose speed is varied 
by means of a rheostat in the secondary is identical with that of 
a direct-current motor whose field is kept constant and whose 
speed is varied by means of a rheostant in the armature circuit, 
while the behavior of an induction motor whose speed is con- 
trolled by a variation of voltage is identical with that of a shunt- 
wound, direct-current motor when the voltage delivered to both 
armature and field is varied at the generator. This latter state- 
ment should not be confused with the condition which takes place 
when the field of a direct-current motor is kept constant and the 
voltage impressed on its armature is varied at the generator. 

The type of polyphase induction motor most generally used to- 
day is not of the design depicted in Figure 7. The primary has 
no salient poles like those of Figure 7. Both primary and sec- 
ondary have slotted cores of laminated iron. The primary wind- 
ing consists of overlapping coils laid in the slots and forming a 
“‘distributed winding”’ similar to that of a direct-current arma- 
ture. The primary still has poles just as truly as Figure 7 has 
them, and the number of these poles in each circuit determines 
the speed of the rotating field, as previously explained in con- 
nection with Figure 3, but the poles are due to the grouping of 
the primary coils, and not to a polar projection as in Figure 7. 
Also, the coils forming the windings of the two circuits in the case 
of atwo-phase motor or of the three circuits in the case of a three- 
phase motor overlap, but the winding of each circuit is arranged 
with reference to the poles of that circuit. All the circuits of 
the primary are, of course, wound so as to have the same number 
of poles. The secondary winding depends upon the type of 
motor, whether it is one having no slip rings and started by sup- 
plying it with a reduced voltage, or whether it has slip rings and 
is started by introducing resistance in its secondary. In the latter 
case the secondary winding is very similar to that of the primary; 
in the former case, the squirrel-cage winding is used. 

The current taken by an induction motor is comparable to that 
of a transfoimer having a comparatively large magnetizing cur- 
rent, for the induction motor is a transformer with an air gap in 
its magnetic circuit. At no load the motor takes current sufficient 
to magnetize the iron and air gap, and thus no-load current bears 
a greater proportion to the full-load current than in the case of 
most static transformers, because of the fact that the static trans- 
former generally has a closed magnetic circuit. The no-load cur- 
rent taken by the motor is not, however, all of it, work current. 
That is to say, the product of the no-load current by the voltage 
at which it is delivered does not represent the power supplied to 
the motor. In a good motor only a small percentage of this pro- 
duct of ‘‘apparent power”’ is true power, and this small percentage 
of the ‘‘apparent power’’ represents the no-load loss to the motor. 
The percentage which the true power supplied to the motor at a 
given load is of the apparent power supplied — that is, the ratio 
of the true power to the apparent power is called the ‘‘ power 
factor.’’ The value of the power factor is different for each load 
put upon the motor, for, as the motor is loaded, the current sup- 
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EDITORIAL. 
As far back as in August, 1897, these 
columns, in discussing the consolidation 
DAWN — , ; 
of gas and electric lighting interests, and, 
OF THE ‘ : . 
more especially, the absorption of electric 
NEW ERA. 


light and power plants by gas companies, 
asked if the growth of the electrical in- 
dustry was advanced or retarded by such amalgamations. 
It is a matter of common knowledge almost that the sale 
of gas is relatively more profitable than the sale of elec- 
tricity; and if this be true, is it not conclusive evidence 
that if the gas interests predominate in a consolidation of 
gas and electrical enterprises, the use of electricity will be 
discouraged ii favor of gas whenever and wherever pos- 
sible? 

Other significant questions were also asked. For in- 
stance: Do the powers that be which actuate the gas 
interests in absorbing electrical concerns believe in the 
idea of suppressing in every way possible, a popular com- 
peting industry otherwise destined to.be formidable? Has 
the long conservatism of the gas companies given them 
alone the wisdom to direct the affairs of electrical industry 
to the individual haven of its greatest good? Has it ever 
occurred that the consolidation of gas and electric com- 
panies resulted otherwise than in betterirg the condition 
of the former as an industry and in worsting the condition 
of the latter as an industry? In brief, can it be established 
as fact that the unification of gas and electricity does not 
invariably relegate the latter to the background and render 
it in every possible way impotent in all progressive and 
expansive development? 

It may be confessed that the then-present consolidation 
between the San Francisco Gas Light Company and the 
Edison Light and Power Company, of San Francisco, was 
in mind when these queries were originally penned, now 
nearly three years ago, and while no direct answers were 
given at that time, the opinion was clearly implied be- 
iween the lines that no good was to come to the Edison 
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interests of San Francisco through permitting themselves 
to be absorbed by a gas-born and gas-bred concern of the 
true-blue gas-company type. The situation might not 
have been so dismal for the electrical holdings today 
had it not been that the old gas methods, with all their 
dense garlicky seasonings of autocracy, of water-logged 
stock, and of ‘‘public-be-damned’’ policies, were inocu- 
lated into the management of the consolidation. Never- 
theless, and despite the one-time great earnings of the 
combination, it is now apparent that the forebodings of 
three years ago were not ungrounded, and that today the 
extremities of the San Francisco Gas and Electric Com- 
pany bear witness to the fact that egregious blunderings 
were committed. 
a 

San Francisco has eight distinct corporations actually 
engaged in the distribution of light and power through 
the agency of gas and electricity. These are the San 
Francisco Gas and Electric Company, the Pacific Gas Im- 
provement Company, the Central Light and Power Com- 
pany, the Western Light and Power Company, the Harbor 
Light and Power Company, the Pacific Power Company, 
the Mutual Electric Light Company and the Equitable 
Gas Light Company. Of these, the first five are affiliated 
with the San Francisco Gas and Electric Company in one 
way or another. The Pacific Gas Improvement Company 
and the Central Light and Power Company each have a 
working agreement with the San Francisco Gas and Elec- 
tric Company in the matter of territory served by gas and 
electricity respectively; but while the assignment of terri- 
tory to the Gas Improvement company is an outright one 
—that is, neither company transgresses within the district 
of the other —the agreement with the Central Light and 
Power Company grauts no exclusive territory to it but 
stipulates that the Central company shall not extend its 
service beyond the present limits of its distribution sys- 
tem. Moreover, the Gas and Electric company buys the 
surplus capacity of the plant of the Central company at a 
rate eminently satisfactory to the latter. ‘These conditions 
regarding the Central company were brought about during 
the compromise which attended the settlement of the suit 
which was brought by the Gas and Electric company 
during the summer of 1898 for alleged infringement of 
the Edison three-wire patent. The Harbor and Western 
companies are merely distribution concerns of the Gas 
and Electric company; they have no central stations, they 
buy all current from the Gas and Electric company in 
bulk, the majority of stock in each is owned by the Gas 
and Electric company, and as their rates are lower than 
those of their parent company, they operate exclusively 
in fields wherein it is necessary for the Gas and Electric 
company to meet and beat competition. These five com- 
panies, therefore, constitute the family that, had not the 
plans miscarried, would have lived in a condition of serene, 
happy and contented prosperity. 

But to continue through the list: The Pacific Power 
Company maintains limited, albeit legitimate, competition 
principally in the factory districts. The Mutual and 


Equitable companies are also in legitimate competition. 
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with the Gas and Electric company, the electric lines of the 
former extending through the principal business sections, 
while the gas mains of the Equitable company are being 
gradually introduced into most of the best down-town 
thoroughfares. This is the company which is using the 
almost universally denounced Hall process, and it is 
worthy of note that at present te works of the Equitable 
company are being remodeled for the generation of water 
gas after a standard process so that the ensuing few weeks 
will undoubtedly terminate the unsatisfactory career of 
the Hall process in the works of the Equitable Gas Light 
Company of San Francisco. Up to the present, however, 
the most bitter competitor which the Gas and Electric 
company has met is the the Mutual company, and it is to 
its efforts more than to almost anything else that the re- 
cent material reductions in the price of electric service 


has been due. 
ed 


Some time since, the Standard Electric Company of 
California, which is ,ow building its noteworthy 60,000- 
volt transmission into Stockton, Oakland, San Jose and 
San Francisco from the Blue Lakes country, entered into 
a contract with the San Francisco Gas and Electric Com- 
pany for the continuous delivery of some 5000 horsepower 
to the latter. One of the conditions of this contract was 
that the Gas and Electric company should use due dili- 
gence in the modification of its present plant so that, in 
event of interruption to the transmission service, the 
Standard company could operate this modified plant as an 
auxiliary until the transmission service should be resumed. 
It transpired, however, in the opinion of the Standard 
company, that the San Francisco concern was not using 
such diligence as was necessary in the installation of this 
auxiliary plant. As a result, the Standard company 
withdrew from the contract and incorporated the San 
Francisco Light and Power Company for the purpose of 
effecting the local distribution of Blue Lakes power in San 
Francisco. ‘The initial installation of the Standard com- 
pany is to have a capacity of 10,000 horsepower, hence it 
is to be seen that it is to form an important factor in the 
field. 

& 

More than this, and which is perhaps the most impor- 
tant of all, is the new plant which the Independent Light 
and Power Company is actively installing in the Potrero, 
San Francisco. ‘Though it is not strictly true to say that 
the Independent plant is the direct outcome of a contro- 
versy between an official of the San Francisco Gas and 
Electric Company and Claus Spreckels over the defacing 
of the Claus Spreckels Building by smoke from the stack 
of the Gas and Electric company’s Edison station, it is 
true that the Independent plant might not have become 
an actual reality had this incident not have occurred. As 
it is, Mr. Spreckels, through the Independent company, 
is installing a plant in San Francisco that will attract the 
attention of the entire engineering world trom the fact 
that it is to be without a superior in points of moderniza- 
tion of design and thoroughness of engineering instal- 
lation. With the entire experience of central station 
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engineering to draw from, with unequalled facilities for 
the production of steam power at the lowest possible cost, 
with only a live investment, with the ability to furnish 
every variety of electric service, and with the system 
handled by the best skill and experience that money can 
buy, it is plain to be seen that before long the old-time 
companies of San Francisco will learn that there is a new 
company and new influences in the field. In fact, its 
arrival may confidently be looked for in July or August 
next. 

The Indeperdent company will cover the entire business 
and residence portions of San Francisco from the very 
outset, and for the first time in the history of San Fran- 
cisco its citizens will have the advantage of competition 
in every district. "Then when the Standard service reaches 
the city, it is probable that the prospective cheap rates 
which the Independent company will inaugurate will be 
further reduced, and that there will then be realized, if 
not before, the long-prayed-for era of cheap power, the 
absence of which has held San Francisco and California 
back for decades in the race of industrial progress. 

& 

The year 1900, then, will probably witness the dawn of 
a new period of prosperity for the clectrical and all man- 
ufacturing industries; and as San Francisco grows, so will 
California grow. It will bring forth great trials and trib- 
ulations for the companies that had hoped to resolve them- 
selves into a happy family of five, for it is hard to believe 
that either they or their stockholders have any realization 
of the abyss into which the present rates must drop to 
meet the competition that is so soon in store for them. 
They do not appreciate that the coming struggle is to be 
a battle between new methods and ones which are largely . 
those of an older school; that henceforth politics and con- 
nivance are to be eliminated from the lighting and power 
industry, and that they can never offset the inroads that 
will be made into the business by honest investment in ~ 
up-to-date plants with the chicanery of fictitious capital- 
ization and systems that are more or less of experimental 
and antiquated types. 

Realization of the truth of these assertions will come 
sooner or later, and though they will be gradual, they 
will be none the less convincing. Possibly by that time 
the happy-family-that-was-to-be will have been scattered 
or consolidated into a single more holy concern. Perhaps 
the Equitable company too will be ‘‘ gathered in,’’ as the 
fact of its practically common ownership with the Central 
Light and Power Company would seem to foretell. Again, 
it is reasonable to suppose that the gas companies, even 
though they may have electric plants, will relegate elec- 
tricity into the remotest background, when the old war- 
fare between gas and electricity will again be waged with 
increased fury. As it is, when the San Francisco Gas 
and Electric Company permits all the chiefs of its elec- 
trical department to leave its service, and makes no effort 
to replace them with others equally good, it is safe to 
predict that its electric plant is going to be kept up for 
appearances and that the company is going to devote 
its energies to gas as the best method of meeting the 
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competition which is amassing such tremendous forces 
against it. 
ad 

But of all this, what? Simply that new methods are 
to prevail over old ones, and that with the new methods 
will come cheap electric power rates that will give an 
unprecedented impetus to all branches of industry, not 
among the least of which will be that of electricity. 





SOME LARGE ROTARY CONVERTERS. 

As is the case with railway generators, the size of rotary 
converters is on a constant increase. A number of 1000- 
kilowatt rotaries have been built by the Westinghouse 
Electric and Manufacturing Company for the Third Ave- 
nue Railroad Company, New York, and several more, each 
having a rated capacity of 1500 kilowatts, are now being 
built for the Manhattan Elevated Railroad, New York. 
These rotaries take three-phase current at 25 cycles and 
approximately 340 volts, and deliver 550 volts on the 
direct-current side. ‘They have ten poles and run at 300 
revolutions per minute. 

Six of the 1000-kilowatt rotaries now installed in the 
Third avenue stations are provided with an extended shaft 
and third bearing, and are used as double current gener- 
ators. When so operating, they are able to deliver their 
full rated load continuously on either the alternating cur- 
rent or direct current ends, or they are able to deliver any 
proportion of their rated loads on the two erds continu- 
ously, provided the sum of the loads is not in excess of 
the normal rating. When operating as double current 
generators, the direct-current ends feed directly into the 
railway system, while the alternating-current end delivers 
three-phase current to step-up transformers, whence it is 
transmitted to sub-stations where it operates other rotaries 
which in turn feed into the common system. 

These rotaries have enormous overload capacity and 
may be run with good commutation from no load to 100 
per cent. overload without shifting the brushes. 


DOUBLING FREQUENCIES --- A SUGGESTION. 

J. Zenneck, a German electrician, has suggested an in- 
genious method of doubling the periodicity of an alter- 
nating current by means of a stationary transformer and 
a chemical rectifier. From the brief description given in 
a London electrical contemporary* it appears that Zenneck 
uses two ‘‘aluminum valves,”’ or carbon-potash-aluminum 
cells which are chemical rectifiers, as they only permit 
current to pass from the aluminum to the carbon electrode. 
The alternating current is split into two branches which 
are wound around the core of the transformer in opposite 
directions. Each of these branches contains an aluminum 
‘‘valve,’’ each valve being reversed in respect with its po- 
sition to the other. The consequence of this is that one- 
half of the alternating current passes through one branch 
but in an opposite direction, so that in reality two suc- 
cessive maximums act upon the transformer, instead of a 
maximum anda minimum. ‘This, of course, amounts to 
a doubling of the original frequency, though the new cur- 


*The Electrician, Vol. XL1V, No. to, page 322, December 28, 1899. 
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rent is no longer sinusoidal, and curves taken off the sec- 
ondary of the transformer show such a doubling dis- 
tinctly. Zenneck states that he has not obtained any very 
favorable curves in this way, probably because the alumi- 
num valves used were imperfect as they showed both 
leakage and distortion. He believes, however, that per- 
fect doubling could be obtained with better arrangements. 


‘ELECTRICAL REVIEW’’ STANDARDIZES ITS SIZE. 

The Llectrical Review, one of the newsiest electrical 
periodicals that reaches the hands of American electricians, 
has again reduced the size of its pages and they are now 
exactly the same in size as those of the //ectrical World 
and Engineer. ‘This is a marked change for the better, 
and if the Western Electrician and £lectricity would fol- 
low suit, the electrical engineers of the country, if not of 
the world, would rise and call them blessed, if for no 
other reason than that America’s three electrical weeklies 
would then be of a common size and readily adaptable to 
a common book-shelf. It is safe to prophesy that many 
more volumes of the Z/ectrical Review will be bound now 
than heretofore because large volumes are so ungainly as 
to form a positive abomination. 


(es 


INDUSTRIAL GAS.—XI. 


BY FRANK H. BATES. 

[THE JUNKER CALORIMETER —CONTINUED.] 

SE of the Junker apparatus for liquid fuels. In 
the introductory remarks descriptive of this ap- 
paratus, mention was made of its adaptability for 
use with liquid fuel. The additional parts re- 
quired for this purpose are shown in Figure 32. 

In this work the calorimeter proper is employed, but the 
Bunsen burner for gas, together with the pressure regu- 
lator and meter, are dispensed with, and instead is used 
a specially constructed balance, carrying on one side 
and so as to allow of its entrance into the combustion 
chamber of the calorimeter, a burner suitable to the kind 
of liquid fuel being tested, and in the other pan the 
weights for measurement of the fuel consumed. The in- 
strument thus provides for the determination of the cal- 
orific power of any liquid which can be burned by a 
suitable burner at ordinary temperatures; such, for in- 
stance, as the oils—alcohol, turpentine, naphtha, kero- 
sene, gasolene, distillate and petroleum. 





Operation. Set up the calorimeter proper, making 
similar connections for water as heretofore described. 
The special lamp, filled with the fuel to be tested, is lighted 
without the calorimeter, with its bottom resting on the 
proper pan of the balance. Sufficient weight is now put 
in the empty pan to not quite bring the balance to an 
equilibrium. This provides for the combustion of some 
of the fuel before equilibrium is restored (the burner pan 
becoming lighter as the fuel is consumed), thus allowing 


_ of the proper adjustment of the water. 


At the instant of the pans coming to a balance, place 
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the rubber hose, draining the heated outflowing water, 
into the large graduate, and immediately afterwards place 
in the burner pan a weight equal to the quantity of fuel 
to be burned in the actual test, making the burner end 
the heavier to this extent. ; 

From the moment of starting the collection of the 
heated water, readings are taken of the thermometers in 
the room, at the exhaust outlet J (see Figure 27, Decem- 
ber number), and of F and F’ as directed in connection 
with gas fuel. 

As the fuel is burned the equilibrium of the balance is 
gradually restored, becoming exactly so when the con- 
sumption equals the weight used, when the test is brought 
to a close by removing the tube from the heated water 
outlet (placing in drain) and quickly taking the final 
readings. 


Derivation of results. 
If we let TR = temperature of the room in degrees 
Centigrade, 
TEG = temperature of the exhaust gases in 
degrees Centigrade, 
Trw = temperature of the inlet water in 
degrees Centigrade, 
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Tow = temperature of the outlet water in 
degrees Centigrade, 
W = liters of water collected, 
TABLE X. 
CONVERSION OF HEAT UNITS. 

Calories per Calories per | British Thermal | British Thermal 
Kilogramme to | Cubic Metre to | Units per pound | Units per cubic 
British Thermal | British Thermal| to Calories per | foot to Calories 
Units per pound | Units per cu. ft.| Kilogramme per cubic metre 

I 1.8 0.11236 0.556 8.898 
2 3.6 .22472 1.112 17.796 
3 5.4 -33708 1.668 26.694 
4 7-2 -44944 2.224 35-592 
5 9.0 -56180 2.780 44.490 
6 10.8 -67416 3.336 53-388 
7 12.6 -78652 3.892 62. 286 
8 14.4 .89888 4.448 71.184 
9 16.2 I.O1124 5.004 80.082 
10 18, 1.1236 5.560 85.980 
15 37. 1.6854 8.340 133.470 
20 36. 2.2472 II.120 177.960 
25 45. 2.809 13.900 222.450 
30 54- 3.3708 16.680 266.940 
35 63. 3.9326 19.460 311.430 
40 72. 4.4944 22.240 355-920 
45 81. 5.0562 25.020 400. 410 
50 go. 5.618 27.800 444.900 
55 99. 6.1798 30.580 489.390 
60 108, 6.7416 33-360 533-880 
65 5U). 7.3034 36.140 578.370 
70 126, 7.8652 38.920 622.860 
75 135. 8.427 41.700 667.350 
80 144. 8.9888 44.480 711.840 
85 153: 9. 5506 47.260 756.330 
go 162. 10.1124 50.040 800.820 
95 171. 10.6742 52.820 845.310 
100 180. 11.236 55.600 889.800 
200 360. 22.472 I11I.200 1779.600 
300 540. 33.708 166.800 2669.400 
400 720. 44.944 222.400 3559-200 
500 goo. 56.180 278. 4419. 
600 1080, €7.416 333.600 5338.800 
700 1260, 78.652 389.200 6228.600 
800 1440. 89.888 444.800 7118.400 
goo 1620, 101.124 500. 400 8008. 200 
1000 1800. 112.36 556. 8898. 
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Go = weight in milligrammes of fuel con- 
sumed, 
= the heat value of the fuel in calories 
per kilogramme, uncorrected for the 
temperatures of air and exhaust 
gases, 
W (Tow — Tiw) X 1,000,000. 
Go : 
the number of calories per kilogramme equals the number 
of kilogrammes of water (1 kilogramme of water=1 liter) 


Coc 


Then Cc 





or, 



































FIGURE 32, 


times the rise in temperature in degrees Centigrade times 
1,000,000 (1 kilogramme = 1,000,000 milligrammes), all 
divided by the weight in milligrammes of the fuel con- 
sumed during the test. 

Also, Cc X 1.8 = Bp, or the calories per kilogramme 
times the constant 1.8, gives the number of British ther- 
mal units per pound. 


Special hints. 
First study the nature of the fuel, 


Several points should be observed: 


Notice that it does not separate into layers while 
at rest; should this occur a burner with an 
agitator should be employed; 

See that the burner is such that it will not allow 
of vaporization of the liquid at other points 
than at the burner tip when a very volatile 
fuel is under test; 

Adjust the burner so as to make as little smoke as 
possible, to facilitate complete combustion; 

Observe the same general precautions that were 
outlined in connection with gaseous fuel. 
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The writer has made determinations of the calorific 
value of solid fuel by means of the Junker calorimeter by 
employing a gas of known calorific power and special 
apparatus, but prefers for this purpose, and also for liquid 
fuel in most cases, an oxygen calorimeter. 

(Continuation in next number.) 


Olectro ~ [nsuranve. 


CONCERNING ELECTRIC STATION RISKS.* 
BY GEO. P. LOW. 


BOVE all, specialization is necessary in the settlement of 
loss and damage to electrical machinery by fire and water, 
as well as in the determination of sound values, for the 
appraisement of such necessitates an intimate knowledge 

of the details, usages, types and characteristics of the different 
classes of machinery dealt with, together with an unimpeachable 
understanding of their working conditions from theoretical, prac- 
tical and commercial standpoints. Experience in the handling 
of this class of machinery, the ability to apply correctives and 
tests, and the knowing-what-to-do and how-to-do-it, all at the 
right moment, are paramount requisites, particularly in the salv- 
ing of partially burned or wetted dynamos. Even in the case of 
apparent total destruction the extent of the loss is only measurable 
by the particular style of the machine; hence the liability of total 
loss can not ordinarily be determined without an intimate knowl- 
edge of the specific type of the apparatus, regardless of the extent 
of the fire. 

Water damage to electrical machinery necessitates prompt action 
to prevent it from becoming the greater by delay. Generally, 
water damage to dynamos and dynamo-electric machinery rarely 
exceeds twenty per cent. of the sound value and is more often less 
than ten per cent. of the same. The liability of such damage, 
however, increases directly with the potential used; but tedious, 
painstaking and often expensive processes of drying out and 
testing will seldom fail to bring restoration to reliable working 
conditions without material injury. 

As intimated, the extent of damage by fire depends as much 
upon the type of the machine as upon the seriousness of the fire. 
The trend of engineering today is toward large, standardized units 
that are less susceptible to injury than earlier forms of electrical 
machinery. It follows, therefore, that stations containing old 
types of apparatus are less desirable risks than those of latest 
types, which are highly desirable ones. It does not follow, though, 
that all recently built stations are latest-type stations, nor that 
such are desirable risks because they are new. More than this, 
the machinery in old stations in localities which are reached, or 
are soon to be reached, by long-distance electric power transmis- 
sions, is destined to lose its present value at an early day, and, 
locally considered, it will become antiquated the moment when 
the station in question begins to take power from the transmission 
line. 

The market in second-hand electrical machinery is fairly 
glutted with old-type, yet thoroughly serviceable, dynamos and 
motors of all descriptions because of this situation, and more es- 
pecially from the abandonment of small units for large and more 
econoniical ones. Iu some instances this old machinery is en- 
tirely unsuitable for further local use under the new conditions 
even as auxiliaries, and its value sinks proportionally. Again, 
competition between rival companies is becoming most keen and 
in some localities it is a struggle between new electrical methods 
and old ones that are destined to be vanquished through the inex- 
orable law which gives survival to the fittest. 

Clearly then, the electric station of today is in a state of marked 
transition. There is nothing revolutionizing about it — nothing 
volcanic; but insurance managers may well look upon electrical 


+A paper read before the Twenty-fifth Annual Convention of the Fire Under- 
writers’ Association of the Pacific, San Francisco, February, 1900. 
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risks with discerning eyes that punishment for the sins of the poor 
plants may not be inflicted upon the good ones, and fer contra. 
While electrical men have always charged fire underwriters with 
inability to discern good electrical risks from bad ones, each 
settlement of loss on electric plants proves that the electrical fra- 
ternity knows as little about its insurance policies as does the 
underwriter about matters of electrical detail. An insurance 
policy is a contract between two parties wherein each party is ob- 
ligated to perform stipulated things, but the rule is that electrical 
managers are in all but utter ignorance of the terms and conditions 
of the contract that, in event of fire, becomes of supreme impor- 
tance. The last year or so has witnessed unprecedented advances 
in the cost of raw materials which enter into station values; some 
forms of wrought iron have advanced in value over 100 per cent.; 
steel and steel plate has risen toa price that would have been 
considered almost fabulous two or three years ago; pig tin has 
gone up sixty per cent.; copper, malleable iron castings and pig 
iron have increased in value by fully 60 per cent.; brass nearly 40 
per cent., and crude rubber nearly 25 per cent.; yet in how many 
instances have electric station managers taken cognizance of these 
increases in their insurance coverings? Broadly speaking, the 
rise in market values of steam and electrical machinery during 
the past two years has more than offset depreciation. These 
matters are always threshed out a/fer the fire; how often are they 
settled before it, as the spirit of the contract dictates? Despite 
depreciation, sound values are rising, even with many old forms 
of equipment, and the fact should not be lost sight of by either 
party. 

The belief has become accepted in the best electrical engineer- 
ing circles that proper electrical installation precludes every 
possibility of fire originating therefrom, and it it is contended, 
with reason, that all electric station fires which originate from 
electrical causes are preventable and inexcusable ones. Today, 
the centralization of all circuits into a single switchboard, unless 
a necessity for technical reasons, is becoming looked upon with 
disfavor and the early abandonment of the ‘single composite 
switchboard is to be expected. Speaking generally, the present 
idea is that individual fireproof switchboards for each machine or 
appliance are to be preferred because of their greater safety, and 
the destruction of two large stations in California along during 
the past four months from causes traceable to the use of composite 
switchboards, gives important testimony bearing upon this con- 
tention. These individual switchboards are to be well separated 
from each other and circuits should be grouped on a single board 
only when an absolute necessity. All mains and busbars should 
be run in roomy fire-proof subways; lightning arresters should be 
installed in a special building entirely apart from the power house; 
transformers containing oil may be placed either in a separate 
building, or partitioned off with a fire-wall, or otherwise installed 
so that, in event of fire, the hundreds, if not thousands, of gallons 
of oil which some types of them contain, will be prevented from 
adding to the flames. Spare armatures, parts, stock and general 
supplies should not be kept iu the open in the station; and finally, 
means should be provided for shutting down any or all engines 
at once from a master device in case of fire or other capital 
emergency. 

When these ideas are executed, when all woodwork and other 
senseless combustibles are banished, and when sound reasoning, 
seasoned with the experience of fire underwriters, prevails in fire- 
proofing the construction of the building, then may underwriters 
safely grant the low rates for which electric light and power 
people have clamored so long. 





A NERNST FILAMENT LAMP. 

A combination betweeen the ordinary incandescent filament 
lamp and the Nernst lamp is described in a German contemporary 
(Zeitschrift fur Beleuchtungswesen), in which a bundle of cotton 
threads is impregnated with rare earths and wound with a spiral 
of metallic chromium or molyobdenum which carries the current, 
when the rare earths soon come up to incandescence. 
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COMPENSATING LINE DROP BY SYNCHRONOUS 
MOTORS.* 


BY E, J. BERG. 


HE general equation giving relation between currents and 
electromotive forces in an alternating-current system is ex- 
pressed in complex quantities in equation (A): 

Ey =£+ (+ Jt) (r —J*) 
where: 

E, = generator voltage, 

E = voltage at receiving end of transmission, 

i = energy component of current, 

Zz, = wattless component of current, which may in its turn be 
expressed as 7, — 7;, where 7, is the lagging component 
and 7, the leading component; 

y = resistance of transmission line, 

x = reactance of transmission line. 


This equation is essentially the same asin a direct-current cir- 
cuit, and consists of three terms: The first, the electromotive 
force generated; the second, the electromotive force at the receiv- 
ing end; and the third, the drop in voltage in the line. The only 
difference is that in an alternating-current circuit the drop is ex- 
pressed as: (2 + 72,) (Yr —ja) whereas in a direct-current circuit 
it is simply 77. 

Solving equation (A) in reference to 7,, the wattless component 
of current, and substituting the real values of /, and & as e, and 
é, we get: ; 

i aie ~ ae a* 2 L Cy -e" (B) 


Zt 2 2 2 














With non-inductive receiving circuit 7, is zero and 7, = 7, thus 
represents the leading or condenser current: 
. ex aie é 2e ir é,¢ -e" 
Thus 7, = —> - J 4 _— . a... 


2 oA =) I a 


~ 











neglecting the -+- sign for the square root since the value corres- 
ponding thereto is of no practical value. 

This last equation enables us to calculate how much leading 
curreut is necessary in order to obtain any desired relation between 
the generator voltage and the voltage at the receiving end —that 
is, between ¢, ¢, in systems of non-inductive receiving circuit. 

To illustrate the practical application of this general equation, 
assume a single-phase system in which it is desired to transmit 
1000 kilowatts at 60 cycles with 10,000 volts at the receiving end 
of the line. The length of transmission is twenty miles and the 
energy loss with non-inductive load about 10 per cent.; the load 
is, for simplicity’s sake, assumed to be non-inductive. 

In order to determine the constants in such a system, the size 
of wire, the reactance and capacity have to be calculated in the 
usual way. Since, however, with an overhead construction at 
10,000 volts the capacity effect is very small, it can be neglected. 








: 1,000,000 
Line current = ———*—— = 100 amperes. 
10,000 
' 100,000 
At ro per cent. loss, 7? = 100,000, thus R = : = ohms. 
’ 
, 10 ; 
Therefore ohms per mile = _* .25, which corresponds to No. 


0000 wire. This wire has .26 ohms per mile, therefore the resis- 
ance of transmission line is 40 * .26 = 10.4 ohms. 

The reactance per 1000 feet of wire is found from the following 
equation: 








H= 27K X v2 (2 log « 25 + 4) 


where: 
* = reactance per 1000 feet of wire, 
n = frequency, 
log « = natural log = LB 10 
-434 


ZL = distance between wires, 


*From the Electrical World and Engineer, Vol, XXXV, No. 2, page 60. 
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d = diameter of wire expressed in same units as the distance. 

Assuming 18 inches distance between wires, we get: 
= 5-38 X 40% ad. X 30.5 [> log « x + % | = 22.5 ohms. 
Impedance of line is z = “10.4? + 22.5? = 24.8 ohms. 
The generator voltage at non-inductive load is obtained directly 
from equation (A), or 
ey=V (e+ir? +2 27 = S(100,000-+-100 X 10.4)? + 100? X 22.57, (D) 
or the generator has 13 per cent. higher voltage than the receiv- 
ing end of the line with 10.4 per cent. energy loss, and no com- 
pensation of line drop. 

If it is desired that the generator voltage and the voltage at the 
receiving end shall be the same —that is, to compensate for the 
Oo 
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FIGURE 1.— DISTRIBUTION OF POTENTIAL ALONG A LINE OF 10.4 OHMS RE- 
SISTANCE AND 22.5 PER CENT. REACTANCE, WITH I5 PER CENT. 
ADDITIONAL REACTANCE AT TRANSFORMER. 


entire line drop —the value of 7,, the leading current, is obtained 
directly from equation (C) and is 

i, = 10,000 X 22.5 — (225,000)? _ oo? —. 22000,000 « 10.4 

615 615 
= 66 amperes, or 66 per cent. of the full load energy current. 

In other words the condenser should be of such size that it will 
take 66 amperes when connected across the 10,000-volt mains, or 
be of 660-kilowatt capacity. Since a synchronous motor can be 
used as a condenser by over-exciting its field, a synchronous 
motor can be substituted for this condenser. 

Such synchronous motor should have a current capacity of 66 
amperes and be wound for a potential of 10,000 volts. That is, it 
should also be of 660-kilowatt capacity. Its field should be so 
much over-excited that while running light, that is, carrying no 
load, its current should be 66 amperes. 

If there is no margin in current capacity, it is possible to put 
any mechanical load on the motor and at the same time obtain 
this potential control. Were there, however, only a slight margin, 
considerable load could be carried. For instance, if the current 
capacity were 5 per cent. larger, or 69.3 amperes, the motor could 
carry a load corresponding to 21.2 amperes or 212 kilowatts, as 
obtained from the diagram showing the relation of currents as 
presented in a right-angle triangle having expressed 66 amperes 
on its base, 21.2 amperes on its perpendicular and 69.3 amperes 
on its hypotenuse. 

With ten per cent. increase in current capacity a load of 303 
kilowatts can be carried, and with 15 per cent. iucrease in current 
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capacity, a load of 375 kilowatts. That is, with 5 per cent. in- 
crease in current over that necessary to obtain phase control, a 
load of 31.6 per cent. of the synchronous motor rating can be car- 
ried; with 10 per cent. increase in current a load of 45 per cent., 
and with 15 per cent. a load of 56.6 per cent. of the synchronous 
motor rating can be carried. 

Or, vice versa, if a fully loaded synchronous motor is available 
in asystem where phase control is desired, a compensation of 
lagging currents Of 31.6 per cent, 45.8 per cent. and 56.6 per cent., 
respectively, of the current capacity of the motor can be obtained 
by over-exciting the motor so as to take 5 per cent., Io per cent. 
and 15 per cent., respectively, more than full load current. 

Such synchronous motor acts within a fair limit as an automatic 
compensator, since as the load increases the line drop increases — 
that is, the voltage at the motor terminals decreases —and there- 
fore, if excited from a source of constant potential, and thus 
giving constant counter electromotive force, it takes more and 
more leading current, which is desirable. Since, however, this 
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FIGURE 2.—CURVE GIVING RELATION OF REACTANCE BETWEEN GENERATOR 
AND RECEIVING CIRCUIT, AND CONDENSER CURRENT TO GIVE SAME 
POTENTIAL AT GENERATOR AND RECEIVING CIRCUIT, IN A SYSTEM 
OF 10.4 PER CENT. RESISTANCE LOSS AT NON-INDUCTIVE LOAD. 


feature depends upon the armature reaction and magnetic con- 
dition — that is, the saturation of the motor —it is impossible to 
deal with it except in each particular case. 


As stated above, however, the control is often close enough 
without change of excitation of the motor; at the same time, if 
perfectly constant voltage is desired, the excitation has to be in- 
creased with the load. 

If it is desired to have the synchronous motor over-excited so as 
to make the receiving voltage 5 per cent. higher than the gener- 
ating voltage, the corresponding value of wattless current 7, is 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 





[Vol. IX—No. 2 


obtained from the same equation (C) by substituting for e, = .95¢ 
as follows: 
__ 225,000 (225,000)? » 2,000,000 X 10.4 10,000,000 
615 PA 615 «615 
= 95 amperes. That is, the wattless leading current is 95 per 
cent. of the full load energy current. 

In other words, a compensator or synchronous motor of 95 per 
cent. capacity of the load would be necessary to accomplish this. 

The distribution of potential along the line in such a system 
can be obtained by considering the generator placed in the various 
points under consideration; in other words, by solving the equation 
by inserting proper values of ~ and + corresponding to distances 
between receiving station and the point of the line under con- 
sideration. 

Thus, for instance, in the first case, when the voltage at gener- 
ator and receiving end of the line is the same, at one-quarter 
of the distance counted from the receiving station, 


SS « 2.6, + = — = §.62. 











ey = V2? (1,3 + 8) — 2€ (t,° « — ir) + 2 (E) 


260) 





= W/ 38.3 (4350 -|- 10,000) — 20,000 (370 


= 9925 volts. 


- 100,000,000 


In a similar way, by inserting other values for 7 and -v, is found 
that: 
At 10 per cent. distance from the receiving station, ¢, = 10000 


«e “ee oe “ce “ee 


20 9930 
30 ae ae ae “ce “ec 9900 
40 sc “< sé ““c és 9880 
50 “eé ae ae “ec ce 9880 
60 “ec “cc “ce “ec “ce 9880 
70 “ee “ec “oe “ce sc 9900 
80 oe “ec “ec “ec “ec 920 
go “e “ce “e cc “cc ao 
Generator a 7 10000 


It is of interest to note that the voltage all along the line is less 
than at the generator and at the receiving circuit; also that the 
percentage drop in voltage at any particular point is very small 
compared with the percentage line loss. In other words, for 
practical purposes the line has practically constant potential all 
over. 

It is often advisable to install special reactances in series with 
the line at the receiving end, in order to obtain more total react- 
ance than that available in the line itself, and thereby to lower 
the wattless current necessary for phase or potential control. 

For instance, if reactive coils of 15 per cent. capacity of the 
load were installed, the wattless current under the condition given 
— the same voltage at the receiving end and the generator end — 
would be 54 amperes instead of €6 amperes, as can readily be ob- 
tained by inserting ry = 10.4; but for 2 = 22.5 + 15 = 37.5 ohms, 
as follows: 

j, = -375,000 _ _ |(375,000)" 2,000,000 X 10.4 
; 1513 1513 1513 
= 54 amperes, which shows that by the introduction of 15 per 
cent. reactance the condenser current is decreased 18 per cent. in 
this case. In general, the more reactance the lesser condenser 
current, or the more reactance the smaller synchronous motor is 
required for controlling the voltage. 

The condenser current necessary to give 5 per cent. over-com- 
pounding is found by the same equation when substituting e, = 
9500, € = 10,000. This gives 7 = 73 amperes, or 23 per cent. less 
than when no additional reactance is used. 

Before leaving this problem it is of interest to see directly the 
effect of reactance on the amount of condenser current. By sub- 
stituting various values of + in equation (C) the corresponding 
values of 7, are found as follows: 
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Forw=g§0 - + + + #* - i, = 56-5 
““ Ge x “ i. Ls - - 7 ““ 59 
“< 70 aa « - - - - ne 66 
6“ $o - " eS = 5 ~ ” 6 80 


The effect of reactance is shown in Figure 2. 


Briefly, there is a certain most favorable amount of reactance 
which corresponds to minimum current and minimum size of 
synchronous motor, and which gives minimum line loss. In gen- 
eral, when line drop is compensated for in systems of non-inductive 
receiving circuits the line loss is increased. In this particular 
case, although with non-inductive load the loss is only 10.4 per 
cent., it is with various reactances as follows: 


Io per cent. reactance, - - - 30 per cent. 
20 ae oe is ™ = ” 16 oe 
30 “ec oe - Po . 14 “ce 
40 oe ec a _ = = 12 “ce 
50 oe oe ‘ r = 14 oe 
60 “ce se » a a - 14.5 ce 
70 e ce Pr - - 15-5 “ee 
80 ae “ce Pa = “ a 18 «e 


It is frequently not advisable to insert too much reactance be- 
tween the generator and synchronous motor, since the stability of 
the system is affected thereby. 

In these cases it may seem strange that so great an amount of 
reactance and leading current is necessary to compensate for 10 
per cent. drop. The reason is that the maximum output of the 
line is approached. A much lesser amount would have been re- 
quired if the generator was kept at 10 per cent. higher voltage at 
all loads; that is, if the potential at the generator had been 11,000 
volts at all loads, and that of the receiving end 10,000 volts. Such 
a condition could have been obtained by under-exciting the syn- 
chronous motor at no load. 

The distribution of potential along the line in such installations 
with reactive coils at the receiving circuit can be obtained in same 
manner as above, by solving equation (A) with reference to é,, as 
follows: 





C= Vv 2 (i,? + 2”) — 2¢ (t,x —ir) +2 
Figure 2 is calculated by inserting for e = 10,000, 7 = 100, 7, = 
54, at generator 7 = 4, 4 = 37.5. 
At 10 per cent. distance from generator r = 9.36, © = 35.3 
ce 


20 ef si 844 33 
30 = " = - 7-30 a 30.8 
40 = ” °° 645 “* 286 
50 * is “" mee 7 & W023 
60 as ae “ £16 “2% 
70 be ~ . - soe “ 2m95 
80 x " ws * 2:0 © 1955 
90 " - _ * Oe = 2a 
Converter (line side of reactive coil) ae el * 30 
Converter (between reactive coil and 
collector - - - - - a <@ “ 1é 


From this curve it is seen that the voltage rises abruptly across 
the reactive coil; it is lower than the voltage at the receiving end 
and generating end all along the line; it gradually rises from the 
reactive coil up to the generating station, and rises at once across 
the reactance to the proper value. The drop in voltage in any 
point of the line is less than corresponds to the ohmic drop. 

The real advantage of synchronous motor phase control is, how- 
ever, first apparent in systems with inductive receiving circuits. 

Referring back to equation (B) and substituting for7, = 7, —7,, 
we get: 


fe ae i 2 52 
ex 2 2 267 | e§—@ py 
) V3 2 er 


“” ~ 





t, =1, 








In the above numerical instance assuming the power factor of 
the load to be go per cent., 7 = 100, i; = )/ 114? — 100° = 48. 
The generator voltage is obtained by solving equation (A) with 
reference to ¢, as follows: 


y= py (¢+ ir 4+ t,4f + (ta —1, rp (G) 
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substituting for ¢ = 10,000, 7 = 100, 7, = 48, 
f= WE, <= 22.5, 
é, is found to be 12,200 volts. 


Or thus the generator voltage is 22 per cent. higher than the 
voltage at the receiving circuit. The energy loss in the line is 
(100? -+- 48?) 10.4 = 128,000 watts, or 12.8 per cent. of the delivered 
power. 

In such a system it would be well to keep the generator voltage 
about 10 per cent. higher than the voltage of the receiving end at 
all loads; in other words, to keep ¢, = about 11,000, and ¢ = 10,000 
at all loads. 

Furthermore, the synchronous motor has to take lagging cur- 
rents at light loads and leading currents at full load. 

Neglecting the small energy current necessary to run the syn- 
chronous motor light at non-inductive excitation, and assuming 
that the nature of the load remains the same at all loads—that 
is, its power factor remains the same — we have 7, —.481. Assum- 


= 
= 
—t 
=> 


FIGURE 3.—CURVE GIVING RELATION OF LEADING AND LAGGING CURRENT 
TAKEN BY SYNCHRONOUS MOTOR AS FUNCTION OF LOAD OF THE 
RECEIVING SYSTEM. GENERATOR VOLTAGE KEPT CONSTANT AT 
ALL VOLTS, VOLTAGE AT RECEIVING END OF LINE 10,000 VOLTS 
AT ALL LOADS. 


ing further ¢, — 11,200 volts, e — 10,000 volts, and substituting 
these values in equation (G) and solving with reference to /, it is 
found that 7, —= 52 amperes, or, at 52 per cent. of rated load, no 
phase control is exerted. 

At no load the synchronous motor should take 52 amperes lag- 
ging current, and at full load 52 amperes leading current. In 
other words, the capacity of the synchronous motor is just about 
50 per cent. of the load. 

The amount of current taken by the motor at all loads is shown 
in Figure 3. As will be seen, the synchronous motor should run 
non-inductively at 54 per cent. of full load of the system. 

Without the use of a compensator, the full load line current is 
111 amperes; therefore the loss is 111’ % 10.4 = 128,000 watts, or 
12.8 per cent. of the delivered power. With the synchronous 
motor the line current is roo amperes, and therefore only 104,000 
watts, or 10.4 percent. The poorer the power factor of the load, 
the more advantageous it is to use this method of potential control. 

In conclusion it may be brought out once more that although a 
non-inductive receiving circuit has been considered chiefly in the 
present instance, this method of compensation of drop is not well 
suitable except in cases where the load is more or less inductive, 
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or when it is desired to have the voltage constant and the same all 
along a line. 

It is hardly desirable to try to maintain the same generator 
voltage as the voltage at the receiving end, or to get a higher 
voltage at the receiving end than at the generator, unless there is 
no objection to large reactances and comparatively large wattless 
currents. It is, however, perfectly feasible to maintain the gen- 
erators at a somewhat higher voltage than that at the receiving 
end at all loads; in other words, to lower the voltage by means of 
under-exciting the synchronous motors, which causes them to take 
lagging current at no load, and to run them under non-inductive 
condition at part of the load, and with leading currents at full 
load. Under these conditions, the amount of reactance, leading 
current and boosting the voltage can be comparatively closely ap- 
proximated as follows: 

With ro per cent. reactance and full load leading current, Io 
per cent. boosting of voltage is obtained. With 20 per cent. re- 
actance and full leading current, 20 per cent. boosting is obtained. 
With ro per cent. reactance and one-half full load leading current, 
5 per cent. boosting is obtained. With 20 per cent. reactance 
and one-half full load leading current, 10 per cent. boosting is 
obtained, etc. 

This rule holds comparatively good unless the maximum output 
of the line is approached, as is the case in the examples assumed. 





THE POLYPHASE INDUCTION MOTOR, 


(Continued from page 35.) 

plied to it increases, but the increase .s not in proportion to the 
load. The increase of the current is less rapid than the increase 
of load, and, in consequence, as the load upon the motor increases 
the apparent power supplied to it becomes more and more nearly 
equal to that of the true power; that is, the power factor of the 
motor increases. This increase of power factor continues until it 
reaches a maximum, generally at a point somewhere near the 
rated full-load capacity of the motor. 

Figure 8 shows the performance curves for a 50-horsepower, 
constant-speed, polyphase induction motor built for 60 cycles. 


This is a motor wound for eight poles to each circuit, so that the | 


speed of the rotating field is 900 revolutions per minute. It is of 
the type having no collector rings. The curves show the brake 
output of the motor, the electrical input, both real and apparent, 
the real and apparent efficiencies, the power factor and the slip. 
By the apparent efficiency is meant the ratio of the output of the 
motor to the apparent power (the volt-amperes) which it receives. 
An inspection of the curves will show the way in which the power 
factor increases as the load increases, and the high power factor 
reached so soon as the motor load is of any considerable 
amount. 

Although throughout this paper a two-phase induction motor 
has been considered, the conclusions arrived at apply equally well 
to a three-phase motor, as the principles involved in two-phase 
and three-phase motors are identical. The two-phase motor was 
chosen as being simpler of explanation. 

The advantages of the polyphase induction motor are easily 
apparent to anyone who has handled this class of machinery. Its 
development has made possible a motor self-starting under load 
and without moving contacts. This means a motor free from 
commutator troubles, which in turn means a motor which will 
stand an amount of overloading and rough usage that would soon 
put a direct-current motor out of service. It means a motor which 
can be installed under conditious where no other type of motor 
could survive, and which will require an amount of attention as 
small as is possible in a piece of moving apparatu:. It is the 
nearest approach in a piece of moving apparatus to that nearly 
perfect electrical device, the static transformer. Its crowning ad- 
vantage is that, with all the advantages mentioned, it is an alter- 
nating-current motor—a motor which, in connection with static 
transformers, can be adapted to any voltage, thus making possible 
the safe and successful distribution of light and power from one 
system at a high voltage. 
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FLAT RATES CAN BE MADE TO PAY. 

Managers of central stations have always found one great ob- 
jection to supplying currents upon flat rates, namely, that this 
business could not be handled at a profit on account of their in- 
ability to keep down the consumption when meters were not em- 
ployed to register the amount of current used. Then, too, there 
are many cases where the amount of current required is so small 
that it would not pay to install and maintain a meter. The Lacey 
Auto-controller, illustrated herewith, has been designed with a 








view of overcoming these difficulties and enabling lighting com- 
panies to make a profit upon business that has been handled at a 
loss or that has not been handled at all. 

The Lacey Auto-controller takes the place of a recording meter 
and is connected in circuit with the lamps in a similar manner. 
It can be adjusted for any amount of current up to five amperes 
and can be used upon either direct or alternating currents. If the 
smallest amount of current in excess of the adjustment is allowed 
to pass through the coil the circuit is automatically opened and 
closed, causing the lamps to flicker to such an extent that they 
are rendered useless for lighting purposes until the current is re- 
duced. For instance, the controller may be adjusted for five 16- 
candlepower lamps. Any number can be used up to this amount, 
but if the sixth lamp is turned on the circuit is alternately opened 
and closed until the sixth lamp has been turned off, when the 
light becomes steady as before. 

The Lacey Auto-controller resembles a meter in appearance and 
can be sealed in a similar manner. Its dimensions are: length, 
10 inches; width, 7 inches; height, 5% inches. The weight is ten 
pounds, packed. 

The following are a few advantages to be derived from its use: 

1. It satisfies the consumer, as the amount of his bill is fixed. 

2. It satisfies the consumer, as it removes the fear that his 
meter is not properly adjusted. 

3. It satisfies the central station manager, as he knows that his 


flat rate customers are not using a greater amount of current than 
they contract for. It also prevents a customer from using 32- 
candlepower lamps in place of 16-candlepower. 

4. It saves the expense of reading and testing meters. 

5. It removes the possibility of error in reading meters. 

6. Itincreases the capacity of generators and transformers by 
limiting the amount of current consumed. 

7. It requires practically no current to operate. The current 
lost or consumed is less than one watt with any number of lights 
burning, and there is no loss at all when lights are turned off. 

8. It is neat, simple, durable and cheap. 

The Lacey Auto-controller is manufactured and sold by the 
California Electrical Works, 409 Market street, San J‘rancisco. 





The Garlock Packing Company, of Palmyra, N. Y., manufac- 
turers of the steam users’ materials which are so well and favorably 
known throughout the East, has established a Pacific Coast office 
at 537 Mission St., San Francisco, with Wm. D. Squires in charge. 














